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A monolithic transparent plate including, on at least one of'its
faces, at least one region textured by a plurality of geometric
features in relief relative to a general plane of the face, each
feature having a cross section, parallel to the general plane,
which diminishes with distance from the face, from a base to
a peak of the feature. The area of the zones of the textured
region for which the inclination angle relative to the general
plane is less than 30° C. represents less than 35% of the total
area of the textured region.
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TEXTURED TRANSPARENT PLATE AND
METHOD OF MANUFACTURING SUCH A
PLATE

CROSS-REFERENCE TO PRIORITY
APPLICATIONS

The present application is the U.S. counterpart of WO
2011/006957 and claims priority to French application no.
0954908 filed Jul. 16, 2009, the entire contents of each of
which are incorporated herein by reference in their entirety.

BACKGROUND

The present invention relates to a transparent plate com-
prising, on at least one of its faces, a plurality of geometric
features in relief relative to a general plane of said face. The
invention also relates to an assembly comprising such a trans-
parent plate and an element capable of collecting or emitting
radiation. Furthermore, the invention relates to a method of
manufacturing such a transparent plate.

An element capable of collecting radiation is, in particular,
an element able to collect and convert the energy originating
from a radiation into electrical energy, such as a photovoltaic
cell. An element capable of emitting radiation s, in particular,
an element able to convert electrical energy into radiation,
such as an OLED (Organic Light Emitting Diode).

Conventionally, a photovoltaic module or an OLED device
comprises, as a front substrate (or substrate having a glass
function), a transparent plate which mechanically protects the
energy conversion elements, namely the photovoltaic cells or
the OLED structures, whilst allowing a good transmission of
radiation toward or from these energy conversion elements.
This transparent plate may, in particular, be made of a trans-
parent glass, preferably clear or extra-clear glass, having a
very low content of iron oxides, such as the glass “DIA-
MANT” or the glass “ALBARINO” marketed by Saint-
Gobain Glass.

One way of increasing the energy conversion efficiency of
a photovoltaic module or an OLED device is to improve the
transmission properties of the plate forming the front sub-
strate, by limiting the reflection of the radiation incident on
the plate, coming either from the air in the case of a photo-
voltaic module, or from the inside of the device in the case of
an OLED device. To this end, itis known to texture at least the
face of the plate directed away from the energy conversion
elements, by providing it with a plurality of concave or con-
vex geometric features in relief with respect to a general plane
of'this face. Within the meaning of the invention, the general
plane of a textured face is the plane containing the points of
this face which do not form part of the features or, in the case
of contiguous features, the points at the junctions between the
features. The features may, in particular, be pyramids or
cones, or features that have a favored longitudinal direction,
such as grooves or ribs. However, the increase in efficiency
due to the use of prior art textured plates as front substrates of
energy conversion devices remains limited. This is because
conventional texturing techniques, in particular by rolling, as
described in patent applications WO-A-03/046617, WO-A-
2005/111670 and WO-A-2007/015019, do not at the present
time allow features having a perfect geometry to be formed.

SUMMARY

It is this drawback that the invention more particularly
seeks to overcome by providing a transparent plate that has
optimized transmission properties of a radiation incident on
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the plate and which enables, in particular, when integrated as
the front substrate into an energy conversion device, such as
a photovoltaic module or an OLED device, the transmission
of'a radiation incident on the plate toward or from the energy
conversion elements of the device to be optimized, thus mak-
ing it possible to increase the efficiency of this device relative
to prior art devices.
To this end, one subject of the invention is a monolithic
transparent plate comprising, on at least one of its faces, at
least one region textured by a plurality of geometric features
in relief relative to a general plane of said face, each feature
having a cross section, parallel to the general plane, that
diminishes with distance from the aforementioned face of the
plate, from a base to a peak of the feature, characterized in that
the area of the zones of the textured region for which the
inclination angle relative to the general plane is less than 30°
represents less than 35% of the total area of the textured
region, and in that:
either (i) the ratio p of the thickness of each feature to the
thickness of the plate has a given value that is greater
than or equal to 0.2 and the thickness of the plate lies
within a range extending from 4.5 mm to 8 mm,

or (ii) the thickness of the plate has a given value that lies
within a range extending from 3 mm to 8 mm and the
ratio p of the thickness of each feature to the thickness of
the plate is greater than or equal to 0.3.
Within the meaning of the invention, a transparent plate is
a plate that is transparent at least in the wavelength ranges of
use for, or emitted by, the energy conversion elements of the
device into which the plate is intended to be integrated as a
front substrate. By way of example, in the case of a photo-
voltaic module comprising photovoltaic cells based on poly-
crystalline silicon, the plate is advantageously transparent in
the wavelength range between 400 nm and 1200 nm. In addi-
tion, within the frame of the invention, a plate is monolithic in
the sense that the features and the plate form a single object,
the features being formed by local surface deformation of'the
plate, for example during molding of the plate or by rolling
the plate. Thus, the features of the plate have the same chemi-
cal composition as the plate. Moreover, within the meaning of
the invention, a feature in relief relative to a plane is a feature
that projects or is recessed relative to this plane.
According to other advantageous features of a plate
according to the invention, which may be implemented indi-
vidually or in any technically possible combination:
each feature is bounded, in cross section along at least one
plane passing through the peak of the feature and per-
pendicular to the general plane, by two sides each
inclined at a nonzero average inclination angle relative
to the general plane, the zones of the textured region for
which the inclination angle of the zone relative to said
general plane is less than 30° forming connecting zones
between one side of a feature and the other side of the
feature or the side of an adjacent feature;
the plate has a thickness that lies between 3 mm and 8 mm;
each feature has a thickness greater than or equal to 0.5
mm;

the average inclination angle of each side of a feature
relative to the general plane lies between 40° and 65° ,
preferably between 45° and 60°;

for a given ratio p of the thickness of each feature to the

thickness of the plate, the thickness of the plate has an
optimal value that corresponds to maximum transmis-
sion through the plate of a radiation incident on said face
of the plate;
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when condition (i) is fulfilled, the ratio p of the thickness of
each feature to the thickness of the plate is greater than or
equal to 0.25;
when condition (i) is fulfilled, the ratio p of the thickness of
each feature to the thickness of the plate is greater than or
equal to 0.3;

the plate is made of glass, preferably a clear or extra-clear

transparent glass;

the plate is made of a transparent polymer;

the features are contiguous;

the features are identical to one another;

the features are randomly distributed over the face;

the features are pyramids or cones having nonzero apex

half-angles;

the base of each feature is inscribed within a circle having
a diameter of less than or equal to 5 mm;

the features are grooves or ribs;

the plate is formed by rolling;

the plate is formed by molding.

Another subject of the invention is an assembly comprising
atransparent plate as described above and an element capable
of collecting or emitting radiation, the element being posi-
tioned relative to the plate so as to be able to collect a radiation
passing through the plate or to emit a radiation through the
plate, the textured face of the plate being directed away from
the element.

Finally, another subject of the invention is a method of
manufacturing a plate as described above, comprising form-
ing, on at least one face of a plate made of a transparent
material, geometric features in relief relative to a general
plane of the face, while maximizing the thickness of each
feature.

Advantageously, the features are formed by rolling the
plate.

As a variant, the features may be formed by molding the
plate.

According to a first variant of the manufacturing method,
for a given period of the features, the depth of each feature is
maximized by maximizing the average inclination angle of
the sides of the feature relative to the general plane of the face.

According to a second variant of the manufacturing
method, for a given average inclination angle of the sides of
each feature relative to the general plane of the face, the depth
of'each feature is maximized by maximizing the period of the
features.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the invention will be made
clear by the following description of three embodiments of a
plate and an assembly according to the invention, given
merely by way of example and with reference to the appended
drawings in which:

FIG. 1 shows a perspective view of a textured transparent
plate according to a first embodiment of the invention;

FIG. 2 shows a partial and schematic cross section of a
photovoltaic module comprising the plate of FIG. 1 as the
front substrate;

FIG. 3 shows a section, analogous to that shown in FIG. 2,
of a photovoltaic module comprising a textured transparent
plate according to a second embodiment of the invention as
the front substrate;

FIG. 4 shows a section, analogous to that shown in FIG. 2,
of a photovoltaic module comprising a textured transparent
plate according to a third embodiment of the invention as the
front substrate; and
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FIG. 5 shows a section, analogous to that shown in FIG. 2,
of a photovoltaic module comprising a textured transparent
plate of the prior art, having the same glass matrix as the
plates of FIGS. 2 to 4, as the front substrate.

DETAILED DESCRIPTION

In the first embodiment of the invention shown in FIGS. 1
and 2, the transparent plate 1 according to the invention is a
rolled and patterned extra-clear transparent glass plate, which
comprises on one of'its faces 3 a convex texture consisting of
an array of contiguous pyramidal features 5.

As may be clearly seen in FIG. 1, the pyramidal features 5
of'the face 3 are aligned along undulating lines [.. Within the
meaning of the invention, the alignment lines L ofthe features
5 are the lines formed by successive identical sides of pyra-
midal features located adjacent to one another, in rows. In the
embodiment shown in FIG. 1, the longitudinal directions of
the sides of the successive pyramidal features 5 along each
alignment line IL are modified in steps. Thus, superposed on
the general or overall direction of the alignment lines L is a
variation in the direction of the sides of the individual pyra-
midal features, which produces the undulation of the align-
ment lines L. As taught in application WO-A-2006/134301,
such a random distribution of the pyramidal features 5 over
the face 3 makes it possible to reduce the average absolute
intensity of the reflection on the plate 1 for each individual
reflection angle and to avoid pronounced transitions between
reflecting directions and nonreflecting directions. The result
of'this is that the plate 1 has a more uniform appearance and
the risks of glare are minimized.

FIG. 2 shows, partially and schematically, a photovoltaic
module 10 according to the invention, comprising the plate 1
as the front substrate. As this figure shows, the face 3 of the
plate 1, which is provided with the texture 5, is on the side on
which the radiation is incident on the module 10. In this
embodiment, the face 4 of the plate 1 opposite from the front
face 3 is overall flat and positioned facing one or more pho-
tovoltaic cells 9.

The absorber layer of the or each photovoltaic cell 9, able
to ensure the conversion of the energy originating from the
radiation incident on the cell into electrical energy, may, in
particular, be a thin film based on amorphous or microcrys-
talline silicon, or based on cadmium telluride. In this case, as
known, the or each thin film cell 9 comprises the following
successive multilayer stack, starting from the face 4 of the
plate 1:

an electrically conductive transparent layer, in particular

based on a Transparent Conductive Oxide (TOO), which
forms a front electrode of the cell;

the absorber layer;

an electrically conductive layer which forms a back elec-

trode of the cell.

In practice, the or each cell 9 is held between the front
substrate 1 and a back substrate, not shown, of the module 10.

As avariant, the absorber layer of the or each cell 9 may be
a thin film of a chalcopyrite compound comprising copper,
indium and selenium, denoted CIS absorber layer, to which
may optionally be added gallium (CIGS absorber layer), alu-
minum or sulfur. In this case, the or each thin-film cell 9
comprises a multilayer stack analogous to that described
above, a polymer lamination interlayer, not shown, being
furthermore positioned between the front electrode of the cell
9 and the face 4 of the plate 1 so as to guarantee a good
cohesion of the module 10 when assembled. The lamination
interlayer may, in particular, be made of polyvinyl butyral
(PVB) or of ethylene vinyl acetate (EVA).
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According to yet another variant, the or each cell 9 may be
made from polycrystalline or monocrystalline silicon wafers
forming a p-n junction.

FIGS. 3 to 5 show photovoltaic modules 110, 210 and 310
comprising respectively, as front substrates, a transparent
plate 101 according to a second embodiment of the invention,
atransparent plate 201 according to a third embodiment of the
invention and a transparent plate 301 according to the prior
art. The plates 101, 201, 301 are made of extra-clear trans-
parent glass of the same composition as the glass of the plate
1 and are placed on top of one or more photovoltaic cells 109,
209 or 309 analogous to the photovoltaic cells 9 of the module
10. Each of the plates 101, 201 and 301 comprises a front face
103, 203 or 303 intended to be on the side on which the
radiation is incident on the module, which is provided with a
pyramidal texture analogous to that of plate 1, consisting of a
plurality of contiguous pyramidal features 105, 205 or 305 of
which the bases are parallelograms and the apex half-angles
are nonzero.

Each of the pyramidal features 305 of the plate 301 accord-
ing to the prior art has, as base, a parallelogram of 2 mm side
length and a apex half-angle of approximately 45°. Each
pyramidal feature 305 is thus bounded by four sides 307 each
inclined at an inclination angle o, of approximately 45°
relative to a general plane m of the textured face 303. Each
feature 305 has a thickness e;5 of 1 mm in projection relative
to the general plane & so that the total thickness e, of the
plate 301 with its texture is 4 mm.

Each of the pyramidal features 5 of the plate 1 according to
the first embodiment of the invention is bounded by four sides
7, each inclined at an inclination angle o, relative to a general
plane & of the textured face 3. The plate 1 of the first embodi-
ment differs from the plate 301 according to the prior art in
that, on the one hand, it has a total thickness e, of 6 mm
including its texture, instead of a thickness e,,, of 4 mm and,
on the other hand, each pyramidal feature 5 has a thickness e
of'1.5mm in projection relative to a general plane w of the face
3, instead of a thickness e;,5 of 1 mm. The plates 1 and 301
thus have the same ratio, p=0.25, of the feature thickness e,
€545 tothe plate thickness e,, e;,, . Comparison of FIGS. 2and
5 shows that the base of each feature 5 of the plate 1 has the
same dimensions as the base of the features 305 of the plate
301, namely a parallelogram base of 2 mm side length, but
that the apex half-angle of each feature 5 is approximately 33°
instead of 45° for the features 305 of the plate 301. In other
words, for the same period ps, p5o5 of the features, the thick-
ness es of each feature 5 of the plate 1 according to the first
embodiment has been increased relative to the thickness e;q
of'each feature 305 of the plate 301 according to the prior art
by increasing the inclination angle o, of the sides 7 of the
features 5 relative to the inclination angle o, of the sides
307 of the features 305.

Similarly, each of the pyramidal features 105 of the plate
101 according to the second embodiment is bounded by four
sides 107 each inclined at an inclination angle a, o, relative to
a general plane & of the textured face 103. As in the first
embodiment, the plate 101 has a total thickness e,;, of 6 mm
including its texture, instead of a plate thickness e;,; of 4 mm
as for the plate 301 according to the prior art, and each
pyramidal feature 105 of the plate 101 has a thickness e,,5 of
1.5 mm in projection relative a general plane 7 of the face 103,
instead of a thickness e;,5 of 1 mm as for the features 305 of
the plate 301 according to the prior art. The plates 101 and 301
therefore have the same ratio, p=0.25, of the feature thickness
€105, €305, 10 the plate thickness e,,;, €5, Comparison of
FIGS. 3 and 5 shows that the apex half-angle of each feature
105 is equal to the apex half-angle of the features 305 of the
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plate 301, namely approximately 45°, but that the base of each
feature 105 has a side length of 3 mm, instead of 2 mm as for
the features 305 of the plate 301. In other words, for the same
inclination angle a,q,;, 030, of the sides 107, 307 of the
features in relief] the thickness e, o5 of each feature 105 ofthe
plate 101 according to the second embodiment has been
increased relative to the thickness e, of each feature 305 of
the plate 301 according to the prior art by increasing the
period p, .5 of the features 105 relative to the period p,,5 of the
features 305.

The plate 201 shown in FIG. 4, according to the third
embodiment, differs from the plate 301 according to the prior
art in that each pyramidal feature 205 has a thickness e,,5 of
1.2 mm in projection relative to a general plane 7 of the face
203, instead of a thickness e,;5 of 1 mm, the total thickness
€,,; of the plate 201 including its texture being equal to the
thickness e, of the plate 301, that is to say 4 mm. For the
same thickness e,, €54, of the plate, the ratio p of the thick-
ness e,,5 of the features 205 of the plate 201 to the thickness
€50, of the plate 201 is therefore equal to 0.3, instead of 0.25
as for the plate 301 according to the prior art. Each pyramidal
feature 205 of the plate 201 is bounded by four sides 207 each
inclined at an inclination angle o, relative to a general plane
7t of the textured face 203. Comparison of FIGS. 4 and 5
shows that the base of each feature 205 of the plate 201 has the
same dimensions as the base of the features 305 of the plate
301, namely a parallelogram base of 2 mm side length, but
that the apex half-angle of each feature 205 is approximately
40° instead of 45° as for the features 305 of the plate 301. In
other words, for the same period p,gs, P55 0f the features, the
thickness e,,5 of each feature 205 of the plate 201 according
to the third embodiment has been increased relative to the
thickness e, of each feature 305 of the plate 301 according
to the prior art by increasing the inclination angle a.,,, of the
sides 207 of the features 205 relative to the inclination angle
50, of the sides 307 of the features 305.

Advantageously, the texture of a plate according to the
invention is produced by rolling the surface of a glass plate
that was originally flat, the glass being heated to a tempera-
ture at which its surface may be deformed using a solid object,
such as a metal roller, having on its surface the inverse of the
shape ofthe texture to be formed. As a variant, the texture may
be obtained by molding.

With these two texturing techniques, rolling and molding,
when the desired texture comprises features with flat sides
and sharp angles, as is the case, for example, for pyramidal or
conical features, or for features in the shape of grooves or ribs
of triangular or trapezoidal cross section, the features formed
do not have perfect geometrical shapes. Thus, for these vari-
ous types of features, the peak of each feature and the valleys
flanking each feature are rounded, as shown schematically for
the pyramidal features in FIGS. 2 to 5 by the radii of curvature
R and r. The radii of curvature R of the peaks and r of the
valleys of the texture do not vary greatly with the thickness of
the features in relief, due to the particular conditions of manu-
facture by rolling or molding. The conditions of manufacture
by rolling cause the radius of curvature R of the peaks of the
texture to be greater than the radius of curvature r of the
valleys of the texture.

Connecting zones between one side 7, 107, 207, 307 of a
feature 5, 105, 205, 305 of the plate 1,101, 201 or 301 and the
other side of the feature, or the side of an adjacent feature, for
which the inclination angle oy, 0 o, Osgg, 0305 relative to the
general plane 7 at each point of the zone is less than 30°, are
denoted 8,108,208, 308. These connecting zones 8, 108, 208,
308 correspond to the rounded peaks and valleys of the pyra-
midal texture 5, 105, 205 or 305 of the plate. The ratio of the
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area S;,5 of the connecting zones 308 of the plate 301 accord-
ing to the prior art, for which the inclination angle o544
relative to the general plane & of the textured face 303 is less
than 30°, to the total textured area S;,, of the plate 301 is
about 36%. In comparison, the ratio of the area S, S, s, S50
of the connecting zones 8, 108, 208 of each plate 1, 101, or
201 according to the invention, for which the inclination
angle o, 04, O.,oe relative to the general plane m of the
textured face 3, 103, 203 is less than 30°, to the total textured
areaS,, S, o1, S,o; of the plate is less than 30%. This decrease
in the ratio is obtained, for the plates 1, 101, 201 according to
the invention, by increasing the thickness es, €, o5, €505 0f their
features 5, 105, 205 relative to the thickness e, of the fea-
tures 305 of the plate 301 according to the prior art. In FIGS.
2to 5, theareas Sg, S, 05, S208, S305a0A S|, S 01, Sao1, S50, are
shown very schematically with dotted lines.

As avariant, the connecting zones 8, 108, 208, 308 may be
defined as the zones connecting one side 7, 107, 207, 307 of
a feature of the plate with the other side of the feature, or with
the side of an adjacent feature, for which the inclination angle
g, Oliggs Oaggs Osog relative to the general plane m at each
point of the zone is less than 40°. With this definition, the ratio
of'the area S,5 of the connecting zones 308 of the plate 301
according to the prior art, for which the inclination angle o5
relative to the general plane & of the textured face 303 is less
than 40°, to the total textured area S;,, of the plate 301 is
about 60%, whereas the ratio of the area Sg, S| 5, S,05 0f the
connecting zones 8, 108, 208 of each plate 1, 101, 201 accord-
ing to the invention, for which the inclination angle oy, 0, o,
505 relative to the general plane m of the textured face 3,103,
203 is less than 40°, to the total textured area S|, S, ;, S,0; Of
the plate is less than 45%.

Table 1 below shows the increase in the efficiency for an
incidence angle of zero degree €,,(0°), €,,,(0°), €,,,(0°),
€5,,(0°), and in the annual overall efficiency for all incidence
angles €, €, o, €50, €30, for the module 10, the module 110,
the module 210 and the module 310 respectively, relative to
the efficiency of a reference photovoltaic module, determined
by optical simulation of the surface structures of the plates 1,
101, 201 and 301. The reference module differs from the
modules 10, 110, 210, 310 only in that its front substrate is an
untextured transparent plate having the same glass composi-
tion as the textured plates 1, 101, 201 and 301. The results for
the annual overall efficiency €,,, €,,0, €350, €3;0 WEre
obtained using data of direct lighting at Cologne in Germany,
corresponding to a module positioned so as to be inclined at
an angle of about 35° relative to the horizontal, facing South.
The efficiency values shown in Table 1 are determined by
simulation, without taking into account the diffuse nature of
the radiation, so that the real efficiency values are likely to be
greater.

TABLE 1
Annual
Efficiency overall

Plate Feature increase efficiency

thickness thickness at 0° increase
Module e; =6 mm es=1.5mm €10(0°) = 3.0% €10=45%
10
Module e =6mm ejos=1.5mm €;,40°)=4.0% €;;,0=45%
110
Module eyp;=4mm eys=1.2mm €,4(0°)=3.0% €;0=45%
210
Module €30, =4mm e395=1mm €310(0°)=3.0%  €3,0=3.5%
310

10

15

20

25

30

35

40

45

50

55

60

65

8

The following assumptions were made when formulating
the simulation:
the plates 1, 101, 201, 301 and the plate of the reference
module are made of the same glass having the
ALBARINO composition as marketed by Saint-Gobain
Glass;

the radiation incident on the module 10, 110, 210, 310 and
on the reference module has an energy distribution cor-
responding to a standard solar spectrum;

evaluation of the efficiency of the photovoltaic cells 9, 109,

209, 309 and of the reference module as a function ofthe
wavelength of the incident radiation, which corresponds
to the ratio of the number of collected electrons to the
number of photons that reach the cell, taking as refer-
ence a photovoltaic cell based on polycrystalline silicon;
however, the results are applicable to other types of
photovoltaic cells since the improvement in the trans-
mission properties of a plate due to the texturing of this
plate does not depend significantly on the wavelength of
the radiation incident on the plate.

The data in Table 1 show that the increase in the annual
overall efficiency €, of each of the modules 10, 110, 210
according to the invention is greater, by about 1%, than the
increase €;,, of the annual overall efficiency of the module
310 according to the prior art.

Analyzing the basic mechanisms that allow an increase of
the transmission of a textured plate relative to an untextured
plate makes it possible to explain theoretically why the
increase in the efficiency of an energy conversion device may
be maximized by increasing, even maximizing, the thickness
of the features of the textured plate.

The first basic mechanism that allows an increase of the
transmission of a textured plate is the trapping of the incident
radiation by way of multiple reflections on the features in
relief of the plate. As is clear from FIGS. 2 to 5, for radiation
rays E, incident on the plate 1, 101, 201, 301 at small angles
of'incidence, multiple reflections occur on the features 5, 105,
205, 305 in relief of the textured face 3,103, 203, 303, which
offer the radiation a greater number of possibilities E,;, E, of
entering into the plate, hence a reduction of the reflection on
the textured face 3, 103, 203, 303 of the plate 1, 101, 201, 301
relative to the flat face of an untextured plate.

However, because the features 5, 105, 205, 305 are not
perfect pyramids but, on the contrary, are rounded, this phe-
nomenon of multiple reflections does not occur in every
region of the textured face 3, 103, 203, 303. In particular, in
the connecting zones 8, 108, 208, 308 corresponding to the
rounded peaks and valleys of the pyramidal texture 5, 105,
205, 305, the aforementioned phenomenon of trapping the
incident radiation does not occur, as shown by the arrows E |
located on the left in FIGS. 2 to 5. Consequently, to increase
the transmission of the incident radiation through the plate,
the area of these connecting zones 8, 108, 208, 308 should be
decreased relative to the total textured area of the plate. In the
above examples of plates 1, 101 and 201 according to the
invention, this decrease of the area of the connecting zones is
obtained by increasing the thickness of the features of the
plate relative to the features of the plates according to the prior
art, so that the area of each feature between two neighboring
connecting zones, i.e. the surface area of the feature that
participates in the multiple reflections, is higher.

Moreover, the radiation is reflected, after entering into the
plate 1,101, 201, 301, at the interface between the plate and
the cells 9,109, 209, 309 or an optional lamination interlayer,
and is once more trapped by reflection on the faces of the
features 5, 105, 205, 305, so that a larger part of the radiation
is transmitted through the plate. The losses by reflection are
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thus still further reduced, for a textured plate relative to an
untextured plate, by virtue of this second radiation trapping.
Here again, the decrease in the area of the connecting zones 8,
108, 208, 308 relative to the total textured area of the plate, or,
in other words, the increase in the area of each feature that
participates in the multiple reflections on the feature,
increases the second trapping of the radiation and its trans-
mission through the plate.

The second basic mechanism that allows an increase of the
transmission of a textured plate is that, for radiation rays F,
incident on the plate at large angles of incidence, greater than
45°, the angles of incidence of the radiation on the faces of the
features 5, 105, 205, 305 are lower than those on a flat surface.
For example, with pyramidal features of 45° apex half-angle,
even when rounded, the radiation rays F, incident at an angle
varying between 0 and 90° on a flat surface strike the surface
of'the texture 5, 105 at an angle of incidence that lies between
-45° and +45°. As large angles of incidence, close to 90°,
favor reflection at the air/glass interface, replacing angles of
incidence in the 0° to 90° range with those in the —45° to +45°
range leads to reflection being substantially reduced. The
decrease, relative to the total textured area of the plate, of the
area ofthe connecting zones 8, 108, 208, 308, i.e. the zones of
the plate with the smallest inclination relative to the plane 7,
thus also allows an increase of the transmission through the
plate by means of this second mechanism.

It is clear from Table 1, and from the above theoretical
explanation, that a plate according to the invention, of which
the ratio of the area S, S| oq, S, 0f the connecting zones to
the total textured area S;, S,,;, S,; of the plate has been
reduced relative to that of plates according to the prior art, has
optimized properties for transmission of a radiation incident
on the plate. Consequently, such a plate, when it is integrated
into a photovoltaic module as the front substrate, substan-
tially improves the efficiency of this module relative to the
efficiency of modules according to the prior art.

The improvement of the transmission through the textured
plate is obtained, according to the invention, by increasing the
useful surface area of the features of the plate, that is to say the
area of the features which is useful for receiving and trans-
mitting radiation, whether this is by multiple reflection or by
decreasing the angle of incidence seen by the surface of the
feature. In doing so, the percentage of the total textured area
of the plate corresponding to rounded connecting zones is
reduced and the profile of the features of the textured plate
approaches perfect geometry.

In order to increase the useful area of the features, the
invention proposes to increase the thickness of the textured
plate according to the invention, relative to the textured plates
according to the prior art, for a given value of the ratio p of the
thickness of each feature to the thickness of the plate, as
shown in the first and second embodiments. It is clear from
these embodiments that the transmission of radiation through
the textured plate according to the invention is improved
relative to the transmission of radiation through the textured
plates according to the prior art, even though the thickness of
the plate according to the invention, and therefore the absorp-
tion of radiation in the plate, is greater. Indeed, the inventors
have demonstrated that the increase in the transmission
through the textured plate according to the invention, which is
caused by the increase of the thickness of the features and
therefore of the useful area of these features, is likely, for
certain plate thicknesses, to be greater than the increase in the
absorption of radiation inside the plate, which is caused by the
increase of the thickness of the plate, especially for a plate
composition with a low radiation absorption.
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For a given value of the ratio p, the thickness of the textured
plate according to the invention is preferably chosen to be
equal to an optimal thickness value at which the transmission
through the plate, due to the increase of the thickness of the
features, counteracts as best as possible the increased absorp-
tion inside the plate due to the increase of the thickness of the
plate, that is to say a thickness value at which the transmission
through the plate of a radiation incident on the textured face of
the plate is maximized. In particular, for a given value of the
ratio p greater than or equal to 0.2, which is a conventional
value of the ratio p of textured plates according to the prior art,
the thickness of the textured plate according to the invention
is preferably chosen to be greater than or equal to 4.5 mm.
Within the scope of its application as the front substrate of an
energy conversion device, such as a photovoltaic module or a
OLED device, the thickness of a textured plate according to
the invention is preferably also kept less than or equal to 8
mm, in order for the weight of the device to remain moderate.

Another way to increase the useful area of the features
consists, as shown by the third embodiment, in increasing the
ratio p of the thickness of each feature to the thickness of the
plate, relative to the ratio p of the textured plates according to
the prior art, for a given plate thickness. The useful area of the
features for receiving and transmitting a radiation is then
increased by increasing the thickness of each feature. In this
case, for conventional plate thicknesses, for example lying
between 3 mm and 4 mm, the ratio p of the textured plate
according to the invention is preferably chosen such that
0.3=p. In addition, in the case of a glass plate textured by
rolling, a maximum value p=0.5 is imposed in practice,
because of the rolling process, in order to avoid problems with
the glass sticking to the rollers used for the rolling process.

The invention is based on the discovery, by the inventors,
that conventional methods of manufacture, namely rolling
and molding, cause radii of curvature at the peaks and valleys
of'the features inrelief, which radii of curvature do not change
whatever the thickness of the features and the thickness of the
plate. It might have been thought that these radii of curvature
would increase in proportion with the thickness of the fea-
tures and the thickness of the plate. Surprisingly, the average
radii of curvature always stay the same for a given method of
manufacture by rolling or molding, in particular, about a few
hundreds microns for radii of curvature r and R in the case of
rolling. The inventors, on the basis of these unchanging radii
or curvature, have obtained a more effective texture in that the
transmission through the plate is increased. The inventors, to
this end, chose in particular to increase the thickness of the
plate for a given value of the ratio p. As a variant, they also
envisaged increasing the ratio p for a given value of the plate
thickness.

The invention is not limited to the examples described and
shown. In particular, the texture of a plate according to the
invention may be formed by an assembly of features other
than pyramidal features. The features of a plate according to
the invention may, in particular, be cones or elongate features
like grooves or ribs. When the texture of the plate is formed by
pyramidal or conical features, these features have, advanta-
geously, a polygonal base, especially a triangular, square,
rectangular, parallelogram, hexagonal or octagonal base.
More generally, the features of a plate according to the inven-
tion are such that they comprise at least two sides inclined
relative to a general plane  of the face of the plate containing
the features. In addition, as each side of a feature is not
necessarily planar, the inclination angle of a side relative to
the general plane &t is defined as an average inclination angle
, defined between an average surface of the side and the plane
.
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The texture of a plate according to the invention may also
be a concave texture, instead of a convex texture, the features
then being recessed relative to the general plane of the tex-
tured face of the plate. In addition, the features of the plate
according to the invention, although preferably contiguous,
may also not be contiguous. Likewise, a random distribution
of the features over the textured face of the plate, although
advantageous, is not obligatory. The features of a textured
plate according to the invention may be identical to one
another, as in the embodiments described above, or different
from one another. Furthermore, the features of a plate accord-
ing to the invention may be formed over the entire surface of
the relevant face of'the plate or, as a variant, only over one or
more distinct regions of this surface.

Moreover, a textured plate according to the invention may
be made of an extra-clear transparent glass of any composi-
tion, particularly the glass “ALBARINO” or an extra-clear
transparent float glass such as the glass “DIAMANT” mar-
keted by Saint-Gobain Glass. In particular, texturing by roll-
ing may be carried out by means of a textured roller integrated
into a glass float device. A textured plate according to the
invention may also be made of a transparent material other
than glass, for example a transparent thermoplastic polymer
such as polycarbonate or polymethyl methacrylate.

According to a variant of the invention, not shown, a plate
according to the invention may also be textured on both its
faces and not only on one of its faces as in the examples
described and shown. Finally, one advantageous application
of a textured plate according to the invention, having opti-
mized properties for transmission of a radiation incident on
the plate, is its use as the front substrate of an energy conver-
sion device, such as a photovoltaic module, a thermal module
or an OLED device. However, a textured plate according to
the invention may also be used as a decorative glazing ele-
ment.

The invention claimed is:

1. A monolithic transparent plate comprising:

on at least one of its faces, at least one region textured by a
plurality of geometric features in relief relative to a
general plane of the face, each feature having a cross
section, parallel to the general plane, that diminishes
with distance from the face, from a base to a peak of the
feature,

wherein an area of a zone of the textured region for which
the inclination angle relative to the general plane is less
than 30° represents less than 35% of the total area of the
textured region,

and wherein

either (i) the ratio of the thickness of each feature to the
thickness of the plate has a given value that is greater
than or equal to 0.2 and the thickness of the plate lies
within a range extending from 4.5 mm to 8 mm,
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or (ii) the thickness of the plate has a given value that lies
within a range extending from 3 mm to 8 mm and the
ratio of the thickness of each feature to the thickness of
the plate is greater than or equal to 0.3.

2. The plate as claimed in claim 1, wherein each feature is
bounded, in cross section along at least one plane passing
through the peak of the feature and perpendicular to the
general plane, by two sides each inclined at a nonzero average
inclination angle relative to the general plane, the zone of the
textured region for which the inclination angle of the zone
relative to the general plane is less than 30° form a connecting
zone between one side of a feature and the other side of the
feature or the side of an adjacent feature.

3. The plate as claimed in claim 2, wherein the average
inclination angle of each side of a feature relative to the
general plane lies between 40° and 65° , or between 45° and
60°.

4. The plate as claimed in claim 1, wherein each feature has
a thickness greater than or equal to 0.5 mm.

5. The plate as claimed in claim 1, wherein, for a given
value of the ratio of the thickness of each feature to the
thickness ofthe plate, the thickness of the plate has an optimal
value that corresponds to maximum transmission through the
plate of a radiation incident on the face of the plate.

6. The plate as claimed in claim 1, wherein the features are
contiguous.

7. The plate as claimed in claim 1, wherein the features are
pyramids or cones having nonzero apex half-angles.

8. The plate as claimed in claim 1, wherein the features are
grooves or ribs.

9. The plate as claimed in claim 1, wherein the textured
region is obtained by rolling.

10. The plate as claimed in claim 1, wherein the textured
region is obtained by molding.

11. An assembly comprising:

a transparent plate as claimed claim 1; and

an element capable of collecting or emitting radiation, the

element being positioned relative to the plate so as to be
able to collect a radiation passing through the plate or to
emit a radiation through the plate, the textured face of the
plate being directed away from the element.

12. A method of manufacturing a transparent plate as
claimed in claim 1, comprising:

forming, on at least one face of a plate made of a transpar-

ent material, geometric features in relief relative to a
general plane of the face, while maximizing the thick-
ness of each feature in relief.

13. The manufacturing method as claimed in claim 12,
wherein the features in relief are formed by rolling the plate.

14. The manufacturing method as claimed in claim 12,
wherein the features in relief are formed by molding the plate.
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